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Abstract. Species-specific ant resemblance in heteronotine membracids (Hemiptera: Membracidae) is reported for the first time, providing evidence for ant mimicry. The shape, integument color and shine of the
pronotal process of females of Heteronotus fabulosus Boulard closely resemble workers of the co-occurring
giant turtle ant Cephalotes atratus (Linnaeus) (Hymenoptera: Formicidae). The entire membracid appears to
mimic a mutualistic relationship between a membracid and a turtle ant.
Key words. Bolivia, Cephalotes, membracid, mimicry, myrmecomorph, South America.
ZooBank registration. urn:lsid:zoobank.org:pub:FE1E1BFA-74A6-47D7-A6C2-1F61E9908730

Introduction
The treehopper family Membracidae Rafinesque, 1815 is famous among entomologists for their mutualistic relationships with hymenopterans (Way 1963) and high morphological diversity of their pronotum, often consisting
of brightly colored and/or curiously shaped structures such as horns, spines, and/or nodes (Evangelista et al.
2016). The Neotropical treehopper subfamily Heteronotinae Goding, 1926 contains the most remarkable treehoppers with regard to the diversity of pronotal morphology (Evangelista et al. 2016). The high variation in
pronotal shape in this subfamily is likely associated with different evolutionary strategies of mimicry, camouflage
and/or defense against predators (Poulton 1903; Boulard 1983). One of the two clades that was recovered by a
phylogenetic analysis of the heteronotine genus Heteronotus Laporte, 1832, is assumed to include mimics of a
variety of arboreal ants (Evangelista et al. 2016). However, due to lack of field observations and experimental
evidence, potential ant models and ant mimicry still remain hypothetical (Evangelista et al. 2016). In this contribution, species-specific ant resemblance is reported in heteronotine treehoppers for the first time.

Materials and Methods
Adults of treehoppers and ants were surveyed at the edge of a Chiquitano forest fragment at the base of the Bolivian orocline (−17.76°, −63.24°) (coordinates shown in decimal degrees with reference datum WGS84) (Fig. 1) at
an elevation of 480 m a.s.l. The insects were collected from a Swartzia jorori Harms tree (Fabaceae) (Fig. 2A) with
a beating tray with a 1 m2 white sheet from branches up to 1.85 m high. For beating, branches were sharply tapped
with a stout stick, while holding the beating tray beneath them to catch falling arthropods. Photos of dried specimens were taken with a BK Plus Lab System by Dun, Inc. with a Canon 5DS Macro camera and a Canon 65 mm
lens. All measurements were obtained with an ocular micrometer and are given in millimetres. The structures of
the pronotal process are abbreviated in the text according to the nomenclature by Strümpel (1988), as follows:
CS = Cornus suprahumeralis; NP = Nodus primus; NPS = Spina nodus primus; NT = Nodus terminalis; PS = Spina
pedunculus (see also Fig. 3C). The two collected individuals of the membracids were identified by comparing
specimens with type material in the North Carolina State University Insect Museum, Raleigh, North Carolina
(NSCU, B. Blinn); Zoological Museum of Hamburg (ZMH, M. Husemann) and Muséum national d’Histoire
naturelle, Paris, France (MNHN). The two sampled membracids are deposited in the Colección Boliviana de
Fauna, La Paz, Bolivia (CBF, R. Perger). The ecoregion affinities of the species were investigated by visualizing the
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Figure 1. Study area. A) Bolivia. B) Sub-Andean area at the Bolivian orocline; 1, Santa Cruz de la Colina, Urubo,
Santa Cruz department; map produced with QGIS (version 2.14.3, http://www.qgis.org/en/site), ecoregions according to the regionalization by Navarro and Ferreira (2011).

Figure 2. Heteronotus fabulosus Boulard, 1981. Both photographs taken during the dry season, 5 Sep 2021. A)
Habitat at edge of a Chiquitano forest fragment, sampled branches of host tree Swartzia jorori tree (Fabaceae)
indicated by white arrow. B) Putative nymph of H. fabulosus, tended by worker of Cephalotes atratus (Linnaeus,
1758).
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Figure 3. Comparison between potential ant model and membracid mimic. Both specimens have the same body
length. A–B) Cephalotes atratus (Linnaeus, 1758), worker. A) Habitus, dorsal. B) Head and anterior part of mesothorax, dorsal. C–D) Heteronotus fabulosus Boulard, 1981. C) Habitus, dorsal. CS = Cornus suprahumeralis;
L = length between apex of CS and apex of NT; NPS = Spina nodus primus; NT = Nodus terminalis; PS = Spina
pedunculus. D) Anterior part of pronotum; head, wings and legs omitted. E) Cephalotes atratus worker habitus,
lateral. F) Heteronotus fabulosus habitus, lateral. Numbered structures in the figures reference the numbering
system used for morphological comparisons in Figure 4.
coordinates and a shapefile of the regionalization of Bolivian ecosystems by Navarro and Ferreira (2011), by using
the geographic information system QGIS (version 2.14.3, http://www.qgis.org/en/site/) (Fig. 1B).
Ant mimicry. In this study, an indirect, correlative method is employed to support mimicry, without studying
the impact of receiver responses on mimic fitness. In the absence of experimental evidence with possible selective agents, species-specific similarity with a sympatric putative model can provide indirect evidence for mimicry
(Reiskind 1977; de Jager and Anderson 2019; Perger and Rubio 2020, 2021).
For the analysis of ant resemblance, all ant species that were collected in different microhabitats (tree,
ground, herbaceous vegetation) in the surveyed location were considered. Additionally, all ants that were
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collected in 10 locations in primary forest in four forest ecoregions of Bolivia (Amazon, Yungas, Chiquitano and
Bolivian Tucuman Forest) to investigate ant mimicry in spiders (Perger and Rubio 2020, 2021) were included. The
similarity was analyzed, based on a qualitative, descriptive assessment of integument color, shine, development
(e.g., appressed, erected, short, long) and color of hairs and shape of body parts (e.g., abdomen shape: fusiform or
ovate; apically pointed or rounded). Furthermore, the measurements of ten workers of C. atratus (Linnaeus) and
the two sampled membracids were compared. In the ants, following characters were measured: length between
apex of pronotal spine and abdomen, corresponding to the distance “L” (Fig. 3C, this measurement was used
because of the variable position of the head); width between the apices of the pronotal spines; width of the
mesonotum at the level “2” (Fig. 3B, which was on the same level as “3” and “4” in the membracids in Fig. 3D
with respect to the pronotal spines); and width of the gaster. In the membracids, following measurements were
used for a comparison: length between apex of CS and NT, as indicated by “L” in Fig. 3C; width between apices of
CS; width of the black area at level “3” (Fig. 3D); width of the pronotum at level “4” (Fig. 3D); and width of NT.

Results
According to the position and development of the pronotal spines, the two collected membracids were identified
as Heteronotus fabulosus Boulard, 1981 (female allotype collected in Bolivia, Cochabamba department, in collection of NSCU). The two females of H. fabulosus were collected from branches of S. jorori along with individuals
of the ants Cephalotes atratus (Linnaeus, 1758) (n = 29), C. clypeatus (Fabricius, 1804) (n = 5), C. umbraculatus
(Fabricius 1804) (n = 11), Camponotus sp. (n = 9) and Pseudomyrmex sp. (n = 13). On the soil under the tree,
Ectatomma permagnum Forel, 1908, Camponotus sp., Atta cephalotes (Linnaeus, 1758) and Pseudomyrmex termitarius (Smith, 1855) were observed. In ten locations in four forest ecoregions (see Perger and Rubio (2020) for
locations), Crematogaster sp., Camponotus sanctaefidei Dalla Torre, 1892, Dinoponera australis Emery, 1910 and
C. atratus were the only ants with a black and shiny integument. However, among these ants, C. atratus was the
only species with a similar body length, ranging from 7.6 to 11.8 mm, as H. fabulosus, measuring 9.8 and 10.16
mm, dorsally protruding spines and rounded abdomen (Fig. 3A, B, E). The other ants with shiny black integument were either considerably smaller or larger than H. fabulosus and had slender bodies without spines and with
pointed abdomens. The only other species with dorsally protruding spines that were observed by the author in the
Chiquitano area, Atta cephalotes and Acromyrmex sp., exhibited an orangish-reddish body color.
In addition, H. fabulosus and C. atratus shared an integument with coarse punctures with brownish setae
and a similar shape of the pronotal spines (CS in the membracid) (Fig. 3B, D). The lateral NPS and PS of H. fabulosus resemble the meso- and metafemora of C. atratus, the constrictions between NP and NT the petiole and
post-petiole of the ant, and the NT the ant gaster (cf. Fig. 3A, C). The length of the ant femora was not measured
because their appearance varied according to their position during movement.
Among the measured characters, the width between the apices of the pronotal spines (CS in the membracid) and the width of the mesothorax at the level of “2” and “3” were strikingly similar in the ants (Fig. 3B, 4)
and the membracids (Fig. 3D, 4). The actual width of the pronotum of the membracids (indicated by “4” in Fig.
3D) was wider than the width of the ant mesonotum at this level (Fig. 4), suggesting that the light lateral patches
on the pronotum increase the illusion of a narrowed ant mesonotum. However, the membracid NT was shorter
and narrower than the gaster of the ants (Fig. 3A, C, 4). Considering that the wings of the membracids were still
visible from the dorsal view (Fig. 3C) and the wings and abdomen from the lateral view (Fig. 3F), the membracid
resembles an individual of C. atratus attending a membracid. A putative nymph of H. fabulosus that was tended
by three individuals of C. atratus also had a shiny black color (Fig. 2B, not collected).

Discussion
In the current study, support for ant mimicry was provided by species-specific resemblance of morphological
characters (Fig. 3, 4) and close sympatry in the same microhabitats. Although several species-specific mutualistic
relationships between heteronine treehoppers and hymenopterans are known (Evangelista et al. 2016), a speciesspecific resemblance between both is here described for the first time. This species-specific resemblance between
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Figure 4. Comparison of morphological measurements of Cephalotes atratus (Linnaeus, 1758), workers (circles,
n = 10) and females of Heteronotus fabulosus Boulard, 1981 (cross-marks, n = 2); L = length between apex of
pronotal spine (CS in membracids) and apex of abdomen (NT in membracids) as indicated by “L” in Fig. 3C; blue
= relationship between “L” and width between apices of pronotal spines (CS in membracids); orange = relationship between “L” and width abdomen (width NT in membracids); grey = relationship between “L” and pronotal
width in ant (as indicated in Fig. 3B) or width of black pronotal area in membracids (as indicated by “3” in Fig.
3D); green = relationship between “L” and actual pronotal width of membracids (as indicated by “4” in Fig. 3D).
ants and membracids presented here is unlikely to have arisen due to alternative processes such as selection
for increased sensory surfaces or evaporation surfaces for dispensing pheromones, thermoregulation (Dietrich
2002), convergent evolution, exploitation of perceptual bias, developmental or phylogenetic constraints, spatial
autocorrelation, crypsis, or random matching (de Jager and Anderson 2019).
Although turtle ants do not seem to have a sting of any consequence or if it exists, refrain from using it
(Mann 1916; Coyle 1966), C. atratus is likely a suitable model for mimetic relationships due to its large size,
spines and aggressive behavior (Weber 1957; Oliveira and Sazima 1984). Two putative mimics of C. atratus are
described in the literature. The membracid Tragopa peruviana Funkhouser, 1922 is assumed to imitate the gaster
of co-occurring C. atratus (Richter 1945), and the adults of the crab spider Aphantochilus rogersi O. PickardCambridge, 1871 are considered accurate Batesian mimics of C. atratus (Oliveira and Sazima 1984). Because
these spiders are specialized predators of C. atratus, their resemblance is also suggested to facilitate the approaching of the ants, which can respond aggressively towards the spiders (Oliveira and Sazima 1984). To avoid attacks
from patrolling con-specifics of the captured ants, the spiders use the corpses of the latter as a ‘protective shield’
and imitate ants carrying a companion (Oliveira and Sazima 1984).
Similarly, by displaying a pronotal structure that imitates a worker of C. atratus, H. fabulosus may not only
reduce predation pressure by birds or other predators, but also mitigate agonistic ant behavior, along with rewarding the ants with honeydew. In any case, this resemblance to a giant turtle ant permanently guarding a membracid
is remarkable as it imitates a mutualistic relationship between two organisms. Judging from a similar size and the
presence of a similar blackish pronotal structure with spines and nodes, H. anthracinus Strümpel, 1988 (Peru)
and H. nigrogiganteus Boulard, 1980 (French Guiana) may also mimic such a relationship. However, the importance of the pronotal spines - increasing the resemblance between females of H. fabulosus and C. atratus (Fig.
3B, D) - remains a puzzling aspect, as these spines are less strongly developed in the males of H. fabulosus (see
Boulard 1981) and other resembling species (see Evangelista et al. 2016). Further research is needed to clarify the
mimetic relationships between membracids with ant-like pronota and potential ant models.
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